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Multiobjectivecombinatorialoptimization（MOCO）problems arein general  
veryhardtosoIvebecausetheyareusuallyNアーhard，＃P－hard，andanexpo－  

nentialnumberofe伍cientsolutionsmayexist－   

Solutiontechniquesmakeuseofsomescalarizationthattransformsthemul－  
tiobjectiveproblemintoasingleobjectiveone・Inordertofindalle凪cient  
solutionsoftheMOCOproblem，thescalarizedproblemhastobesoIvedre－  

peatedly，fordiffbrentchoicesoftheparametersinvoIved・Scalarizationtech－  

nique占includetheuseofweightsforaggregatingobjectivesand／orconstraints  

onvaluesofobjectivefunctions・   

Itiswellknownthatthemostpopularscalari2：ationtechniqueofminimiz－  
1ngtheweighted sum ofobjectives cannOt generateallefhcientsolutionsin  

theMOCOca5e．Inthispaperwewillfirstreviewsomeothermethods‥the  

E－COnStraintmethod，theaugmentedweightedTchebycheffmethod，andBen－  

son，smethod．Thesemethodsareknowntogeneratethecompletee氏cientset  

evenfornon－COnVeXmulticriteriaoptimizationproblems，includingMOCO・A  

scalarizationofaMOCOproblemisrequiredtobealinearintegerprogramming  

problem・Thisimpliesthatthescalarizedproblemsusedinallthesemethods  
havetobeformulatedinawaythatinvoIvesconstraintsonthevalueofsome  
objectives．TheseconstraintsoftenimplythatthescalarizedproblemisJVP－  

hardandtheyleadtoconsiderablecomputationaldimcultieswhensoIvingthe  

scalarizedproblemsonacomputer，becausetheydestroythestructurethatis  
exploitedbyintegerprogrammlngCOdes・   

WealsoshowthatLagrangeanrelaxationappliedtotheseproblemsalways  

leadstoweightedsumproblems，SOthatsubgradientmethodsdonotresoIve  
thedilemmawefacewhentryingtosoIveMOCOproblemsbyscalarization・   
Wbproposeanewscalarizationtechnique・TheMOCOproblem  

min（（車，…，Cらェ）：∬∈ズ），  

whereXissomefinit，efeasiblesetisscalarizedasfo1lows：  

（1）   
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恕帝＋∑p舟  
メ≠i  

Subjecttocきx＋sL，－Spj ＝ Ej j≠i・  
（2）  

Inthisformulation，thefeasiblesetintermsofvariablesxisexactlythesame  

asbefore，i．e．X：Theconstraintson objectivevaluesare“elastic”，because  

車canbelessthan，equaltoorgreaterthanej・However，Wepenalizevalues  

greater than Ej 

Themainresultsconcernlngthemethodarethefo1lowingtheorems・   

Thcoren11An oI，tiT，”lsotlItioT川J「L！）iバePicip71りor（’L），げI，j＞Oか、all  

ブ≠豆・  

Tbeorem2エe亡がわeαnq節c励亡βOh如れ扉「け乃em兢ereiββOmeど∈爵Q  

α乃dわreαC九盲＝1，・‥，Q…eC加pi∈属Q－1紬C九紬〇■d所乃eβ 
． 

Wbalsoshowthatt，hemethodofela5ticconstraintscanbeseen as acommon  
generalizationoftheweightedsumtechniqueandthee－COnStraintmethod・We  
illustratetheresultsuslngaSmallbicriterialinearintegerprogrammingproblem・   

Final1y，WerepOrtOureXperienceofapplyingthemethodtosoIvebicriteria  

CreWSChedulingproblemsarisinginairlineoperations・Theobjectivesareto  
minimizecostandtomaximizerobustness，anObjectivefunctionthepurpose  

ofwhichistoreducethee鮎ctsofdelays．Theproblemcanbeformulatedas  

bicriteriageneralizedsetpartitionlngprOblemasfo1lows‥  

mlnZl＝  Cr∬  

minz2 ＝  T r∬  

SubjecttoAIX ＝  e  

A2∬ ＝ む  

ご ∈（0，1）・  

2SPP  

WiththemethodofelasticconstraintswewereabletosoIvethisproblem．This  
wasnotpossiblewiththeE－COnStraintmethodbecauseofunacceptablecom－  
putationtimes，andtheweightedsumsmethod，Whichonlyfoundfewe侃cient  

solutions．Tbtheauthors’knowledgethesearethelargestMOCOproblerru  

SOIvedsuccessfu11ytodate・  
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